Summary.-Cells from a C57BL/cbi chemically induced fibrosarcoma (FS6) require exogenous platelet-derived growth factor (PDGF) for in vitro proliferation (as do normal "untransformed" fibroblasts) whereas cells obtained from the FS6M1 tumour, a spontaneous metastasizing subline, show autonomy from PDGF in vitro. Furthermore, the FS6 cells exhibit very low colony formation in an anchorageindependent growth assay. In vivo, this tumour is immunogenic, rarely metastasizes and is heavily infiltrated by host macrophages. Studies of in vitro cell proliferation and anchorage-independent growth show that syngeneic host macrophages from the peritoneal cavity or from the growing tumour release a diffusible factor(s) which has (1) growth-stimulating activity on FS6 cells in monolayer cultures in PDGF-poor medium and (2) potent colony-stimulating activity on FS6 cells cultured in methylcellulose-containing medium. These macrophage supernatants stimulate proliferation of quiescent normal fibroblasts in monolayer culture as well as FS6 sarcoma cells, but do not stimulate anchorage-independent growth of normal cells.
showed that leucocytes from the blood or peritoneal cavity of chickens contain and release factor(s) which stimulate the growth of fibroblasts in tissue culture. Leibovich & Ross (1975 in studies of wound healing in guinea-pigs, suggested that macrophage infiltration may play a vital role in initiating the proliferation of fibroblasts, and they also showed that peritoneal-exudate macrophages maintained in vitro release a heat-stable non-dialysable fibroblast mitogen. Vascular proliferation in response to a macrophage product was described by Polverini et al. (1977) and macrophages derived directly from wounds were shown by Greenburg & Hunt (1978) to release potent mitogenicity for both endothelial and smooth-muscle cells. A potent mitogen for fibroblasts has been detected in cultures of human monocytes (DeLustro et al., 1980) . The growth-promoting activity of macrophages has also been incriminated in the natural history of tumours. Evans (1977) studied a murine fibrosarcoma (FS6) and concluded that host macrophages infiltrating the growing tumour may in some unknown way promote its growth. He subsequently reviewed the topic (Evans, 1979) and argued that host macrophages may play a vital role in the development of tumours. Salmon & Hamburger (1978) suggested that macrophage-derived factors may play such a role in promoting clonal proliferation of malignant cells, and could act as endogenous "promoters" analogous to the role of phorbol esters in multistage carcinogenesis.
While examining the proliferative capacity of cells from rodent mesenchymal tumours in plasma-derived serum (PDS) and their responses to platelet-derived growth factor (PDGF) we noted (Currie, 1981) that some tumours (including the FS6 sarcoma described by Evans, 1977) required an exogenous source of PDGF to proliferate in vitro. Furthermore, tumours found to be dependent on PDGF were those which, when implanted into the syngeneic host, attract large numbers of host macrophages, are immunogenic and rarely metastasize spontaneously (Currie, 1981) .
The experiments described below lend weight to the hypothesis of Salmon & Hamburger (1978) Evans (1977) . The FS6M1 is a variant subline of the FS6 which arose during transplantation of FS6 in C57BL/6 mice in the laboratories of Dr A. Mantovani (1978) . When transplanted back into its syngeneic host strain (C57BL/cbi) this tumour is weakly immunogenic, induces a high incidence of distant metastases and contains fewer host macrophages than the parent FS6. It was handled and transplanted in a manner similar to the FS6, and was used within 10 passages from its receipt back into these laboratories.
Tumour macrophages.-Fragments of FS6 tumour were washed, chopped and disaggregated with 0-1% collagenase (Type 1, Sigma) and 0.01% DNAse (Type 1, Sigma). The resulting cell suspension was filtered through gauze and washed in Hanks' balanced salt solution. The cells were counted, suspended at 106/ml in arginine-free RPM1 1640 containing 10mM HEPES, penicillin, streptomycin and neomycin, and 5 ml was added to 60mm plastic Petri dishes. These cultures were incubated overnight at 37°C in 500 CO2 in humid air. The cultures were then washed vigorously to remove dead and non-adherent cells. Examination of the resulting cell monolayers for Fc receptors by the addition of appropriately sensitized sheep erythrocytes revealed that over 9500 of the cells possessed Fe receptors, and after reincubation at 37°C for 30 min were intensely phagocytic. These cells were trypsin-resistant, and when cultured in complete medium (see below) showed no evidence of proliferation.
Peritoneal-exudate cells were obtained by lavage from normal C57BL/cbi mice, or from mice which had previously received i.p. injections of 1 ml thioglycollate medium, 1 ml 10% proteose-peptone (4 days previously) or 300 Hug Glaxo BCG (14 days previously). Plasma-derived serum (PDS) and wholeblood serum (WBS) were obtained from normal healthy volunteers by methods previously described (Currie, 1981) .
Cell cultures.-Enzyme-disaggregated cell suspensions from FS6 and FS6M1 (as above) were cultured in 25cm2 plastic flasks in RPM1 1640 containing 10% heat-inactivated foetal bovine serum (FCS), antibiotics and HEPES (complete medium). They were passaged twice weekly using 0-10% trypsin, and were used between Passages 2 and 10, and were regularly replenished from Passage 2 stocks. The uncloned cultures from both tumours were tumorigenic when tested in syngeneic mice at Passages 2 and 10. Although it has not been assayed by radioimmunoassay, the batch of FCS contained high levels of PDGF by bioassay (unpublished) .
The (Chen, 1977) and were negative throughout these experiments. All cell lines were studied within 10 in vitro passages and were regularly replenished from low-passage stocks.
Cell-proliferation assay.-The assay was performed exactly as described earlier (Currie, 1981) . In brief, 2 x 103 cells were grown in 100l volumes in Microtest II plates and cell numbers estimated at intervals on formalinfixed cells, using a methylene-blue binding assay read in a Multiskan 8-channel photometer. Growth curves (as absorbance at 650 nm, A650) were plotted on log paper and cell-population doubling time measured. Sextuplicate wells were examined at each observation. The Multiskan was blanked on control wells which had contained cell-free medium. Data from this assay were also used to derive figures for percentage growth at 48 h; i.e. data from the test samples were compared to the nil control and any percentage increase (or decrease) in optical densities calculated as percentage change. % Growth= A650 test at 48 h -A650 at Time°1 00
Arginase assay.-Levels of arginase in the culture medium were assayed by a radioisotope method using 14C-guanidino-arginine.
Details of this method will be published separately (Ould & Currie, in preparation) .
Anchorage-independent growth.-Cells were suspended in complete medium containing 1.2% methylcellulose (Methocel A4M, Dow Chemical Co.) at 2-5 x 102 or 2-5 x 103/ml and 4 ml poured into 60mm plastic Petri dishes containing a 2ml underlay comprising 0.6%
LGT agarose (Marine Colloids Inc.) in complete medium.
For some experiments -2 x 106 macrophages (proteose-peptone elicited or obtained from the FS6 tumour) were plated in the Petri dishes in complete medium and allowed to adhere at 37°C for 2 h. The dishes were then vigorously washed free of non-adherent cells and the remaining macrophage monolayer overlayed with 0 6% agarose which was allowed to gel at room temperature before target cells in 120% methylcellulose were added. Control-culture underlays of 106 BHK21CI3 cells, FS6 or FS6M1 cells were irradiated with X-rays under aerobic conditions to a dose of 35 Gy before the addition of target cells in methylcellulose. The cultures were incubated for 14 days and the colonies counted after staining in situ with iodonitrotetrazolium violet. The results are expressed as plating efficiency (i.e. the number of colonies counted as a percentage of the number of target cells added PE).
Before staining the dishes, sample single colonies were aspirated with a fine pipette under stereomicroscopy, transferred to culture flasks containing 5 ml complete medium and allowed to grow as monolayers. These clones were subsequently retested for anchorage-independent growth as described above. Proteose-peptone-elicited as described above were cultured in 4 ml macrophages exposed to 1 0jg/ml liposerum-free RPM1 1640 medium for 48 h polysaccharide (Difco, E. coli 0555:B5) and then the supernatants were collected, also provided cytotoxic supernatants. Arginase activity in macrophage supernatants The various macrophage supernatants tested for growth-promoting activity were also assayed for arginase content. Low levels of arginase were present in all the media containing growth-promoting activity. However, cytotoxic supernatants (from BCG-elicited macrophages) contained high levels of arginase (see Table  III (Table III) .
RESULTS
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BHK2lCl3 cells produced less than 001 PE when cultured in methylcellulosecontaining medium. F86 sarcoma cells produced colonies, but their PE was very low (see Table IV ). FS6M1 cells showed a high PE (see Table V (Table IV) . Underlays of BHK21C13, The use of plasma-derived serum (PDS) for the investigation of tumours of mesenchymal origin has provided a useful phage underlays approach to the examination of the role of FS6M1 and of "growth factors". In the absence of rlcellulose platelet-derived growth factor (PDGF) a S6Mi BHK21C13 potent heat-stable peptide hormone active PE PE at nm concentrations (Scher et al., 1979) 63 <001 normal mesenchymal cells remain quiescent. Malignant transformation by SV40 6 6 < 0 01 virus is associated with reduced dependence on growth factors; i.e. with the 6 4 <0 01 acquisition of mitotic autonomy (Scher et al., 1978) . In a study of a series of rodent age-independent mesenchymal tumours it was found (Currie, 1981 ) that these sarcomas display a moter 12-tetra-range of dependence on the "woundbe (TPA) was healing hormone" PDGF. Cells obtained ad diluted in from tumours with minimal host-cell centrations of infiltrate, and which readily metastasize introls. A range (such as FS6M1) proliferate without a was added to source of exogenous PDGF, whereas and BHK21C13 others such as the FS6 remain quiescent d its effects on without a source of growth factor. The ed. As can be correlation between growth-factor-depen-,dded TPA had dent growth and biological behaviour of aal fibroblasts the tumours in vivo, including the extent nhancement of of host-cell infiltration, suggested that cells was seen host macrophages may play a role in lony formation promoting tumour-cell proliferation.
-cted except at Evans (1977) Mantovani (1978) has previously examined supernatant fluids from cultures of macrophages obtained from FS6 tumours, and demonstrated either inhibited or enhanced incorporation of labelled thymidine by FS6 cells, depending on the duration of the cultures. Unfortunately, the FS6 was not grown in syngeneic mice, so the significance of his observations must remain in doubt. Evans (1979) also examined FS6 tumour macrophages, and showed that spent medium obtained from such cells stimulated proliferation of murine lymphoma cells in sub-optimal culture conditions. Although mouse macrophages obtained from the peritoneal cavity or from within the FS6 tumour, release a product which has potent growth-promoting activity for normal hamster cells (BHK21C13) in PDGF-deficient monolayer cultures, they had no effect on the capacity of these cells to form colonies in methylcellulose-containing medium. They did, however, exhibit potent colony-stimulating activity when tested on FS6 fibrosarcoma cells. Furthermore, an underlay of such macrophages (from the FS6 tumour or elicited from the peritoneal cavity of normal mice by proteose-peptone) released a diffusible factor which conferred a high colonyforming efficiency on FS6 cells, but not on the normal hamster cells. The FS6M1 subline cells already showed anchorageindependent growth which was unaffected by a macrophage underlay.
Anchorage-independent growth is often regarded as an important feature of the malignant phenotype. But the expression of this particular phenotypic feature by FS6 cells is conditional upon the presence of a product of host macrophages. Furthermore, its expression is reversible; colonies picked from macrophage-enhanced FS6 cultures provided clones with a low PE. Furthermore, the addition of the known tumour promoter TPA to cultures of FS6 cells in methylcellulose also induced a dramatic, but again reversible, increase in anchorage-independent growth by these cells. The high colony-producing subline FS6M1 was unaffected by TPA, except at high (toxic) concentrations. The similarities in biological effect of TPA and a factor released by host infiltrating macrophages raises the possibility that macrophages may play a key role in the development of tumours by providing a source of endogenous promoter. Chemically induced sarcomas, heavily infiltrated by host macrophages, may represent just one stage in tumour progression. In vivo passage of the FS6 sarcoma, and other similar rat and mouse sarcomas, usually leads to altered biological behaviour, e.g. enhanced spontaneous metastasis associated with reduced host macrophage infiltration.
Macrophages elicited by injection of mice with BCG, or exposed in vitro to lipopolysaccharide bacterial endotoxin, were in these experiments growth inhibitory to normal hamster fibroblasts and lytic to the mouse fibrosarcoma cells FS6 and FS6M1. These toxic supernatants contained high levels of arginase (Currie, 1978) and lost their toxicity and arginase activity after heat inactivation. After heating, these cytotoxic supernatants showed substantial growth-promoting activity, indicating that the macrophage populations studied were releasing heatstable growth-promoting and heat-labile cytotoxic factors at the same time. Whether different subsets of macrophages are responsible for producing these factors is unclear at present. However, these observations could provide a possible mechanism for the observation that the same cultures of macrophages may release growth-inhibiting and growth-promoting supernatant factors at different times (Evans, 1976; Mantovani, 1978) .
Earlier work suggested (Currie & Basham, 1978 ) that arginase-mediated cytotoxicity is selective for transformed or malignant cells because of their inability to achieve quiescence under adverse nutrition. The concomitant release of a growth-promoting factor and a proliferation-dependent cytotoxic mechanism could, therefore, constitute an important cytotoxic combination.
Macrophages produce a range of different growth factors, since, unlike PDGF, supernatants conditioned by macrophages possess growth-promoting activity for many cell types; including endothelial cells (Greenburg & Hunt, 1978) and lymphocytes (Nelson, 1976) as well as fibroblasts. Filkins (1980) has recently described the release of insulin-like activity by macrophages, and this may be involved in growth stimulation. The production of a variety of tissue-specific growth factors whose predominant role seems to be the induction of wound healing could account for many phenomena referred to as the immuno-stimulation of tumour cells (Prehn, 1976) .
